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Introduction
In RAN1#109-e[1], physical layer structures and procedures are discussed for SL-U, and great progress had been made during the meeting, the agreements achieved are as below: 
	Agreement
SL BWP, SL resource pool in R16/R17 NR SL and RB set in R16 NR-U are reused for SL-U as baseline
· Only one SL BWP is (pre-)configured within a carrier
· The SL BWP is (pre-)configured to include one or multiple SL resource pools
· At least support that one SL resource pool can be (pre-)configured to include integer number of RB sets
· FFS: whether/how to support one SL resource pool can include sub-set of PRBs of one RB set
· FFS: the applicable resource pool
· FFS: the impact on sub-channel size and number of sub-channels in a resource pool if sub-channel is supported
· PRBs within intra-cell guard band of two adjacent RB sets belong to a resource pool if the resource pool includes the two adjacent RB sets
· FFS details, e.g., how such PRBs are used, the applicable resource pool, etc.
· FFS: whether R16/R17 NR SL S-SSB slots and/or new S-SSB slots (if supported) are excluded from resource pool
· FFS: which slots belong to resource pool, e.g., how to set the value of bitmap, whether to consider SL-U/NR-U operating in the same carrier and whether TDD configuration are considered, etc.
· FFS: the impact of PSCCH/PSSCH mapping to frequency resources on resource pool configuration, on sub-channel definition if sub-channel is supported, etc.
Agreement
For PSCCH and PSSCH in SL-U:
· Both R16/R17 NR SL contiguous RB-based and R16 NR-U interlace RB-based transmissions are considered as starting point
· RAN1 strives to have unified design for both contiguous RB-based and interlace RB-based transmissions
· FFS: whether/how to address IBE (In Band Emission) impact
Agreement
For PSCCH and PSSCH in SL-U:
· For interlace RB-based transmission (if supported), at least the following candidates can be discussed:
· Frequency domain resource allocation granularity is one sub-channel for PSSCH transmission
· FFS: Other resource allocation granularity, e.g., RB-level
· 1 sub-channel equals K interlaces if sub-channel is supported
· FFS details
· Other candidates are not precluded
· FFS: mapping of PSCCH to frequency resources
· FFS: resource indication in time/frequency domain, e.g., how to handle using one RB set or multiple RB sets, etc.
Agreement
For slot structure in SL-U:
· At least R16/R17 NR SL slot-based PSCCH/PSSCH transmission is supported
· FFS: whether/how to support additional starting symbol(s) within a slot for the PSCCH/PSSCH transmission
Agreement
For PSFCH and SL-HARQ in SL-U:
· At least R16 NR SL PSFCH format 0 is supported
· FFS whether to introduce new PSFCH format
· FFS: how to meet OCB and PSD requirement for PSFCH transmission, e.g., using interlaced RB transmission, whether/how to avoid too small PSFCH capacity, etc.
· FFS: the locations of PSFCH resources, e.g., (pre-)configured, dynamically indicated, etc.
· FFS: whether/how to address PSFCH transmission dropping due to LBT failure, e.g., whether to have multiple PSFCH occasions for a PSSCH and the related PSSCH-PSFCH mapping relationship, impact on SL HARQ-ACK reporting to the gNB for Mode 1, etc.
· FFS: whether/how to address PSFCH and related PSSCH in different COTs 
Agreement
For S-SSB and synchronization in SL-U:
· FFS the time domain locations of S-SSB resources, e.g., whether/how to introduce more candidate occasions compared with R16/R17 NR SL design, etc.
· Down-selection at least one of the following solutions to meet OCB and PSD requirement for S-SSB transmission
· Option 1: Using interlaced RB transmission
· Option 2: S-SSB multiplexing with other SL transmissions in the same slot
· Option 3: Repetition of S-PSS/S-SSS/PSBCH in frequency domain
· Option 4: S-PSS/S-SSS/PSBCH with wider bandwidth
· FFS: whether to support 4 symbols S-SSB
· Note: 4 symbols S-SSB can be considered with options 1/2/3/4 above
· FFS whether the temporary exemption of OCB requirement is applicable for S-SSB transmission
· FFS whether any changes to R16/R17 NR SL synchronization procedure


In this paper, further analysis about resource pool configuration, slot structure, PSFCH and S-SSB related issues are provided.
Discussions 
2.1 Slot structure
From the perspective of the system, SL-U UE may compete with other non-3GPP RAT for unlicensed channels, e.g. Wi-Fi, Bluetooth, and if sidelink transmissions would operate on multiple consecutive physical slots, the interruption time between any two of SL transmissions should not exceed a certain threshold. For example, the threshold is 16us or 25us, depending on the gap length in sidelink design. This limitation can help SL-UE to maintain an initiated COT and reduce the probability of LBT failure, especially for sidelink continuous transmissions. The number of symbols available for SL transmission in a slot is (pre)configured in SL BWP in Rel-16/17, in order to satisfy the above limitation on the interruption time between two of SL slots, the (pre)configuration of only a sub-set of symbols in a slot should not be supported for SL-U, which means that 14 symbols should be (pre)configured as default symbol number of SL slot for normal CP and 12 symbols should be (pre)configured as default symbol number of SL slot for extended CP.
[bookmark: _Toc25244][bookmark: _Toc14818][bookmark: _Toc27456][bookmark: _Toc20838][bookmark: _Toc32274][bookmark: _Toc23933][bookmark: _Toc18678]In SL-U, all the symbols in a slot should be (pre)configured as available SL symbols.

Legacy SL slot contains a AGC symbol at the first position, a gap symbol at the last position, and the remaining symbols are used as PSCCH/PSSCH when PSFCH resources are not configured in this slot. Besides, additional one gap symbol, one PSFCH AGC symbol and one PSFCH symbol exist after PSCCH/PSSCH symbol in the slot when PSFCH resources are configured, as shown in figure 1.



                       
(a)SL slot without PSFCH                         (b)SL slot with PSFCH
Figure 1: Slot structure for SL-U
Some companies suggest to support additional starting symbol(s) within a slot for PSCCH/PSSCH transmission. In our opinion, it is hard to support additional starting symbol(s) within a slot because of AGC issue at the receiver side, especially in the hidden node scenario. An example is shown in figure 2 as follows, supposing that one additional starting symbol is supported in the middle symbol within a slot:



Figure 2: Example of additional starting symbol(s)
UE1 succeeds to access the channel in the first starting symbol, while UE2 succeeds to access the channel in the second starting symbol and occupies a mini slot, then UE 3 would suffer a power jump within the slot, which causes the AGC problem. Based on the analysis above, we propose not to support additional starting symbol(s) within a slot. By comparison, CPE can be supported as in NR-U on condition that the time leftover is enough for Tx/Rx switch time in the last symbol of SL slot, and it doesn’t have AGC issue even different UE have different CPE length since CPE is located before the legacy AGC symbol, so we can support additional starting position(s) within the CP extension symbol before the slot boundary, an example is shown in figure 3:



Figure 3: Example of CPE symbol with additional starting positions
For the multiple starting points in the CPE symbol, UE can start the transmission whenever it succeeds to access the channel, and AGC issue is not introduced in SL-U communication. Besides, the slot structure of legacy NR SL can be reused. By contrary, additional starting symbol(s) within a slot may cause AGC issue, and new slot structure may be defined, thus it should not be supported.
[bookmark: _Toc32040][bookmark: _Toc13723][bookmark: _Toc30211][bookmark: _Toc22574][bookmark: _Toc2660][bookmark: _Toc1974][bookmark: _Toc6155]Additional starting symbol(s) within a slot for the PSCCH/PSSCH transmission is not supported.
[bookmark: _Toc16564][bookmark: _Toc29184][bookmark: _Toc28989][bookmark: _Toc10509][bookmark: _Toc457][bookmark: _Toc30838][bookmark: _Toc25079]Additional starting position(s) within the CPE symbol before slot boundary is supported.

For PTRS DMRS and CSI-RS

Considering PTRS is usually used in FR2, and SL-U in this release targets on FR1, so PTRS is not needed to be considered.
For SL DMRS and CSI-RS, they are conveyed within PSCCH/PSSCH, considering these signals will not be transmitted standalone, OCB requirement can be meet along with transmission of PSCCH/PSSCH, so the legacy NR SL reference signals design can be reused for SL-U.
[bookmark: _Toc27833][bookmark: _Toc6988][bookmark: _Toc30700][bookmark: _Toc1354][bookmark: _Toc10114][bookmark: _Toc3006][bookmark: _Toc16069][bookmark: _Toc3482]Legacy NR SL DMRS and CSI-RS design can be reused for SL-U.

2.2 S-SSB
As RB set is configured approximately 20M as a LBT channel, if frequency resources of a S-SSB occupy more than one RB set, the probability of channel access failure increases a lot because UE has to successfully assess every RB set that S-SSB occupies. Besides, legacy frequency resource size of S-SSB is 11 RB, while the RBs in one RB set is as much as 100 RBs for 15k SCS and 50 RBs for 30k SCS, which are enough to convey S-SSB whilst legacy S-SSB design is not changed too much, so the frequency range of one S-SSB is better within a RB set to avoid too much resource occupancy. The above is a design principle considering OCB requirement, while if the region where OCB is not required, legacy S-SSB slot structure can be reused directly.
[bookmark: _Toc6509][bookmark: _Toc30553][bookmark: _Toc10919][bookmark: _Toc12229][bookmark: _Toc29670][bookmark: _Toc6458][bookmark: _Toc15192]Frequency range of one S-SSB should be within a RB set. 
[bookmark: _Toc8229][bookmark: _Toc30451][bookmark: _Toc26120][bookmark: _Toc4194][bookmark: _Toc10284][bookmark: _Toc17091][bookmark: _Toc19729]For the region where OCB is not required, legacy S-SSB slot structure is reused directly.

For the region where OCB is required, how to design S-SSB frequency resource need to be discussed further. In ETSI[2], OCB requirement can be temporary exempted during a COT, but this is not applicable for SL-U equipment S-SSB transmission, because S-SSB is a broadcast type signal and is usually transmitted by multiple UEs with a SFN manner, S-SSB transmission can be seen as a system level signal, while the temporary exemption can only be applied from UE respective. So equipment operates temporarily with an Occupied Channel Bandwidth of less than 80 % of its Nominal Channel Bandwidth with a minimum of 2 MHz is not applicable for S-SSB.
[bookmark: _Toc31038][bookmark: _Toc24211][bookmark: _Toc26067][bookmark: _Toc19750][bookmark: _Toc6597][bookmark: _Toc5170][bookmark: _Toc4525]Temporary exemption of OCB requirement is not applicable for S-SSB transmission
S-SSB in legacy R16 NR SL occupies 11RBs in frequency domain and 14 symbols(including gap symbol for normal CP) in time domain within SL slot, the design will not meet the OCB requirement for SL-U if OCB is required in this area. To solve this problem, four options are listed[1] :
· Option 1: Using interlaced RB transmission
· Option 2: S-SSB multiplexing with other SL transmissions in the same slot
· Option 3: Repetition of S-PSS/S-SSS/PSBCH in frequency domain
· Option 4: S-PSS/S-SSS/PSBCH with wider bandwidth

For option 1, interlaced RB transmission for S-SSB does not depend on other transmissions to meet OCB requirement, and S-SSB can either be configured outside of resource pool or inside resource pool. If S-SSB is (pre)configured inside a resource pool, as PSSCH is interlace based RB transmission, then only interlaced RB based S-SSB design can be adopted with PSSCH in a RB set. So option1 is preferred. 
[bookmark: _Toc19728][bookmark: _Toc27622][bookmark: _Toc8080][bookmark: _Toc2277][bookmark: _Toc596][bookmark: _Toc8969][bookmark: _Toc27168][bookmark: _Toc5449]If OCB is required, to meet OCB and PSD requirement for S-SSB transmission, interlaced RB transmission for S-SSB is preferred.

In NR R16, S-SSB resources of each S-SSB resource set are configured with a periodicity of 160ms, based on the (pre)configuration and synchronization priority rules, UE can complete the synchronization procedure. This mechanism can be used as the starting point of SL-U. Considering on unlicensed band the SSB signal may fail to access the channel for some of S-SSB transmissions, this will decrease the synchronization performance, to alleviate the impact, more transmission occasions can be considered for each set of SSB resources in the synchronization period.
If additional S-SSB transmission occasions are configured, a lot of resources may be wasted if PSCCH/PSSCH cannot be sent on these slots, from this perspective of view, both legacy (pre)configured S-SSB slot and additional S-SSB transmission slots can be (pre)configured inside a resource pool, and S-SSB transmission and PSCCH/PSSCH  transmissions in the same slot can be considered to be allowed. Besides, for time domain structure in a slot for S-SSB, legacy structure(e.g. 14 symbols for normal CP) can be reused, and if S-SSB transmission is on a slot in a resource pool, it means in the same slot there may be transmission of S-SSB and PSSCH from different UEs. In order to avoid potential AGC problem, all symbols in the slot should be available for S-SSB and PSSCH transmission.
[bookmark: _Toc18404][bookmark: _Toc28886][bookmark: _Toc460][bookmark: _Toc12087][bookmark: _Toc3399][bookmark: _Toc21019][bookmark: _Toc25625][bookmark: _Toc5825]R16 SL synchronization procedure can be reused for SL-U.
[bookmark: _Toc7183][bookmark: _Toc17409][bookmark: _Toc8538][bookmark: _Toc6568][bookmark: _Toc361][bookmark: _Toc7216][bookmark: _Toc8925][bookmark: _Toc3182]Additional S-SSB transmission occasions can be (pre)configured for each set of S-SSB resources within the synchronization period，FFS whether/how to support S-SSB transmission and other SL transmissions in the same slot.

2.3 Resource pool
In this section, the design of time domain and frequency domain of SL-U resource pool are discussed respectively.
2.3.1 Time domain
In Time domain, Rel 16 SL resource pool consist of a set of logical slots in a SFN period using a bitmap, in licensed band, the time resource should avoid DL slots, S-SSB slots, slot due to not enough UL resource considering the intra-3GPP system interfere and resource utilization. In SL-U, there may also be NR-U operation as well as non-3GPP system(Wi-Fi, Bluetooth, etc), so the time resource of SL-U resource pool need to consider the logical slot generation mechanism. And DL slots, and slots due to not enough UL resource are considered to be excluded from the time resource of SL-U resource pool. Particularly for SL SSB slot, as discussed before, whether to exclude S-SSB slot can be further evaluated.
Give further consideration, if the R16 SL bit mapping method is reused directly for SL-U, the slots in a resource pool are nonadjacent with high probability, this is not benefit for maintaining the channel successfully accessed, to avoid this situation, slots due to not enough UL resource can be avoided with proper system configuration. Besides, S-SSB slots can be included into SL-U resource pool. Moreover, proper bitmap can be (pre)configured to avoid reserved slots.
[bookmark: _Toc8208][bookmark: _Toc1108][bookmark: _Toc4293][bookmark: _Toc30161][bookmark: _Toc18253][bookmark: _Toc9828][bookmark: _Toc31353][bookmark: _Toc23166]Legacy Rel 16 resource pool slot determination can be used for SL-U resource pool, except that:
[bookmark: _Toc26728][bookmark: _Toc24429][bookmark: _Toc15407][bookmark: _Toc28615][bookmark: _Toc21267][bookmark: _Toc22790][bookmark: _Toc7127]S-SSB slots are not excluded
[bookmark: _Toc18926][bookmark: _Toc4313][bookmark: _Toc16817][bookmark: _Toc21619][bookmark: _Toc13994][bookmark: _Toc31349][bookmark: _Toc24202]Reserved slot is not expected

2.3.2 Frequency domain
When a UE operates in shared spectrum where OCB and PSD requirement need to be considered, RB set concept as NR-U are agreed to be reused for SL-U. And the resource pool would be (pre-)configured to include integer number of RB sets. Usually one RB set occupies approximately 20M as a LBT bandwidth. If legacy contiguous RB based resource pool is applied when OCB is required, the contiguous RB for a transmission should occupy at leat 80% bandwidth of 20M, it is obviously not allowed to configure a resource pool with only subset RBs in a RB set, and not flexible to support small data transmission. But if interlaced RB based resource pool is supported, one RB set includes multiple interlaced RBs and it can be left to implementation whether the resource pool includes part or all the interlaced RBs of the RB set.
[bookmark: _Toc7334][bookmark: _Toc11689][bookmark: _Toc1374][bookmark: _Toc3517]To meet OCB and PSD requirement, legacy contiguous RB based resource pool is not feasible for SL-U. 
[bookmark: _Toc12049][bookmark: _Toc15788][bookmark: _Toc15642][bookmark: _Toc8870]For interlace RB based resource pool, a resource pool can be (pre)configured to include sub-set or all the interlaced RBs of one RB set.

Rel 16 NR SL resource pool consists of several continuous sub-channels, and each sub-channel contains a number of continuous RBs, a sub-channel is the minimum transmit unit in frequency domain. Based on this, FRIV is used to indicate the PSSCH frequency location. To reuse FRIV indication, the sub-channel concept can be considered in SL-U, but the difference is that sub-channel in SL-U may consist of a set of discrete or continuous RBs within one or more RB sets to meet the OCB and PSD requirement. 
As sub-channel design has been proved beneficially to balance the flexibility of resource schedule and indication overhead in legacy SL specification, we proposed to reuse sub-channel as the minimum unit in frequency domain for PSSCH transmission. If continuous RB based resource pool are considered for SL-U, it means one sub-channel must occupy 20M bandwidth, which seems not sufficient when a relatively small packet arrives, so legacy continuous RB based resource pool is better to be applied where OCB is not required. Otherwise, interlace RB based resource pool consists of sub-channels which including integer number interlaced resource blocks is preferred.
[bookmark: _Toc955][bookmark: _Toc23486][bookmark: _Toc1611][bookmark: _Toc2431][bookmark: _Toc5392][bookmark: _Toc28255][bookmark: _Toc20179]Sub-channel is supported in SL-U and :
[bookmark: _Toc5419][bookmark: _Toc11681][bookmark: _Toc7315][bookmark: _Toc24218][bookmark: _Toc25039][bookmark: _Toc17512][bookmark: _Toc32283]Contiguous RB based resource pool as legacy R16 SL pool is reused when OCB is not required.
[bookmark: _Toc28523][bookmark: _Toc8400][bookmark: _Toc6411][bookmark: _Toc31084][bookmark: _Toc23788][bookmark: _Toc25839][bookmark: _Toc31345]Interlace RB based resource pool is used when OCB is required.
For legacy contiguous RB based resource pool, the frequency domain consists of sl-NumSubchannel contiguous sub-channels and a sub-channel consists of sl-SubchannelSize contiguous PRBs, where sl-NumSubchannel and sl-SubchannelSize are higher layer parameters. Furthermore, The UE determines the set of resource blocks assigned to a sidelink resource pool as follows:
-	The resource block pool consists of  PRBs. 
-	The sub-channel m for  consists of a set of  contiguous resource blocks with the physical resource block number  for , where  and  are given by higher layer parameters sl-StartRB-Subchannel and sl-SubchannelSize, respectively
A UE is not expected to use the last  PRBs in the resource pool.
For interlace RB based resource pool, the legacy method can be applied with some modification. Specifically, interlace RB based resource pool consists of several sub-channels, but sub-channel is consisting of continuous discrete RBs, instead of continuous RBs. 
In NR-U, IRB consits of RBs  which distribute on a large spectrum ranges, and the minimum schedule unit is one IRB in one RB set, which occupies 10 or 11 discrete RBs. To defined an interlace RB based resource pool a sub-channel can be (pre-)configured to include one or more SL-IRBs, each SL-IRB should be within a RB set. Taking the below figure as an example, the resource pool includes N RB sets. In an RB set, there are M SL-IRBs. In total, the resource pool consists of N*M SL-IRB. These SL-IRB could be indexed from 0 to N*M-1 consecutively. Then for a sub-channel, it consist of K continuous SL-IRBs.


Figure 4: Example of SL-IRB
Based on above mentioned sub-channel, the interlace based resource pool can be (pre-)configured according to start position of subchannel, sub-channel size and number of sub-channel, similar as Rel-16 resource pool definition.
[bookmark: _Toc8432][bookmark: _Toc12225][bookmark: _Toc10316][bookmark: _Toc32229][bookmark: _Toc21625][bookmark: _Toc22517][bookmark: _Toc19215]The interlace RB based resource pool in frequency domain can be (pre-)configured according to：
[bookmark: _Toc29217][bookmark: _Toc12142][bookmark: _Toc15536][bookmark: _Toc8901][bookmark: _Toc18845][bookmark: _Toc15576][bookmark: _Toc167]Start position of subchannel
[bookmark: _Toc25118][bookmark: _Toc14974][bookmark: _Toc4068][bookmark: _Toc19900][bookmark: _Toc20266][bookmark: _Toc26170][bookmark: _Toc27296]Sub-channel size as K continuous SL-IRBs, where one SL-IRB is a IRB within a RB set.
[bookmark: _Toc26604][bookmark: _Toc24027][bookmark: _Toc29470][bookmark: _Toc3397][bookmark: _Toc25377][bookmark: _Toc1760][bookmark: _Toc12365]Number of sub-channels
If RB set and IRB based transmission defined in NR-U is reused for SL-U, there is an issue that the number of RBs in different sub-channels may be unequal based on the following two assumptions:
(1)Whether the RBs in guard bands between RB sets in shared spectrum can be included in sub-channel; 
(2)Whether the RB number in one SL- IRB can be 10 or 11.
To simplify resource allocation and reuse legacy resource allocation/selection procedure as much as possible, the number of RBs in a sub-channel should be (pre-)configured to a fixed value, e.g. defining each SL-IRB with 10 RBs. The number of RBs within a sub-channel is consequently a multiple of 10 RBs, making the size of all the sub-channels equal. From resource utilization perspective, extra RBs outside of subchannel should be used while how to them can be further discussed.
[bookmark: _Toc18135][bookmark: _Toc12060][bookmark: _Toc19875][bookmark: _Toc31383][bookmark: _Toc16327][bookmark: _Toc28579][bookmark: _Toc25649]Each SL-IRB contains 10 RBs, the number of RBs within a sub-channel is (pre-)configured to be a multiple of 10 RBs.
[bookmark: _Toc18181][bookmark: _Toc5597][bookmark: _Toc27814][bookmark: _Toc17471][bookmark: _Toc29537]Extra RB(s) outside of sub-channel can be additionally used when they are available, FFS details

Based on above design, within a resource pool, PSSCH can use a subset of continuous sub-channel(s). For PSCCH, it is mapped on a number of RBs starting from the lowest RB index in PSSCH frequency domain region within the lowest sub-channel. In summary, size of sub-channels defined for SL-U are equal, the legacy slot structure for PSCCH/PSSCH can be reused.
[bookmark: _Toc516][bookmark: _Toc2769][bookmark: _Toc31597][bookmark: _Toc19667][bookmark: _Toc2027][bookmark: _Toc4812][bookmark: _Toc16659]Legacy slot structure for PSCCH/PSSCH can be reused on interlace RB based resource pool..

2.4 PSFCH
R16 PSFCH just occupies one RB and one symbol, which can not be applied on unlicensed band due to OCB requirement, two alternatives can be considered to solve this problem:
· Alt1: IRB based PSFCH (like the interlaced transmission of PUCCH format 0 or PUCCH format 2 in NR-U).
· Alt2: Legacy one PRB PSFCH with common PRBs (with more than one PSFCH transmission occasions (pre-)configured mapping to a PSCCH/PSSCH).
For alt1, the mainly concern is the PSFCH capacity issue because comparing with legacy one PRB PSFCH, one IRB based PSFCH need to consume at least 10 PRBs. When IRB based PSFCH is used, the PUCCH format 2 like PSFCH can also be considered so that multiple HARQ feedback bits can be conveyed in a PSFCH occasion, for example, when PSFCH for one PSSCH fails to access the channel, then the feedback of the PSSCH still has chance to be conveyed in next PSFCH without additional PSFCH resource configurations. 
[bookmark: _GoBack]For alt 2, there is almost no capacity issue and the legacy one PRB PSFCH procedure can be reused as much as possible,  Besides, as one PRB PSFCH as legacy SL can only convey one bit one time, in order to overcome the LBT failure of PSFCH, additional PSFCH resource also need be configured in frequency domain. Moreover, if multiple UEs transmit on the same common RB, IBE issue would arise and may affect the target PSFCH.


Figure 5: Example for PSFCH transmission with common IRB(Alt2)
As analyzed above, both alt 1 and alt 2 have its advantages and disadvantages, further discussion is needed to determine which direction to go.
[bookmark: _Toc31728][bookmark: _Toc25928][bookmark: _Toc21806][bookmark: _Toc31107][bookmark: _Toc16106][bookmark: _Toc13956][bookmark: _Toc10774]For PSFCH, at least further study the two alternatives:
[bookmark: _Toc12508][bookmark: _Toc376][bookmark: _Toc25405][bookmark: _Toc9034][bookmark: _Toc6545][bookmark: _Toc18918][bookmark: _Toc6200]Alt1:IRB based PSFCH (like the interlaced transmission of PUCCH format 0 or PUCCH format 2 in NR-U)
[bookmark: _Toc5251][bookmark: _Toc1229][bookmark: _Toc23198][bookmark: _Toc25888][bookmark: _Toc17424][bookmark: _Toc27135][bookmark: _Toc14511]Alt2: Legacy one PRB PSFCH with common PRBs (with more than one PSFCH transmission occasions (pre-)configured mapping to a PSCCH/PSSCH)

In legacy NR-SL, the locations of PSFCH resources are (pre-)configured per resource pool and occurs periodically with 0 or 1 or 2 or 4 slots, this procedure can be reused for SL-U, because the PSFCH location should be aligned from system perspective to avoid AGC problem, so dynamically indicated PSFCH location from UE perspective is not supported.
[bookmark: _Toc1647][bookmark: _Toc14913][bookmark: _Toc18860][bookmark: _Toc14992][bookmark: _Toc133][bookmark: _Toc2500][bookmark: _Toc5027](Pre-)configured periodically PSFCH resources locations as legacy NR-V is reused for SL-U.

2.5 Power control for SL-U
Open loop power control are supported in R16 SL to alleviate system interference, on unlicensed band, there may be NR-U system although Uu operation for SL mode 1 is limited to licensed spectrum, so both the interference intra-SL-U and the interference between SL-U and NR-U should be considered. To mitigate the mentioned interference, the definition of power control procedure in R16 SL can be reused for SL-U. Moreover, in some regions, transmit power are limited by Max Mean EIRP density(X dBm/MHz)[4], so SL-U UE need to take the Max Mean EIRP density into consideration additionally.
[bookmark: _Toc28211][bookmark: _Toc31334][bookmark: _Toc21600][bookmark: _Toc15656][bookmark: _Toc24978][bookmark: _Toc32641][bookmark: _Toc8838][bookmark: _Toc12789]Both R16 power control procedure and Max Mean EIRP density limit should be considered for SL-U UE

2.6 CSI measurement and feedback
R16 SL support wide-band CQI/RI feedback according to CSI-RS in unicast scenario, and MAC CE is used to convey the CSI feedback considering the aperiodic RS, for SL-U, transmissions cannot be guaranteed periodic, so R16 aperiodic CSI measurement and feedback mechanism can be studied as the start point for SL-U.
In shared spectrum, the channel bandwidth occupied by a UE may be as large as multiple RB sets, so sub-band CSI feedback can be considered for SL-U.
[bookmark: _Toc19117][bookmark: _Toc29739][bookmark: _Toc24710][bookmark: _Toc26110][bookmark: _Toc25154][bookmark: _Toc13057][bookmark: _Toc20704][bookmark: _Toc30032]R16 CSI measurement and feedback mechanism can be reused for SL-U 
[bookmark: _Toc4863][bookmark: _Toc2538][bookmark: _Toc12630][bookmark: _Toc25347][bookmark: _Toc28943][bookmark: _Toc8850][bookmark: _Toc10078][bookmark: _Toc5098]FFS sub-band(e.g., per-RB set) CSI feedback for interlace RB based transmission

Conclusion
According to the discussion above, we provide the following observations and proposals on physical layer structure for sidelink on FR1 unlicensed spectrum:
Observation 1: To meet OCB and PSD requirement, legacy contiguous RB based resource pool is not feasible for SL-U.
Observation 2: For interlace RB based resource pool, a resource pool can be (pre)configured to include sub-set or all the interlaced RBs of one RB set.

Proposal 1: In SL-U, all the symbols in a slot should be (pre)configured as available SL symbols.
Proposal 2: Additional starting symbol(s) within a slot for the PSCCH/PSSCH transmission is not supported.
Proposal 3: Additional starting position(s) within the CPE symbol before slot boundary is supported.
Proposal 4: Legacy NR SL DMRS and CSI-RS design can be reused for SL-U.
Proposal 5: Frequency range of one S-SSB should be within a RB set.
Proposal 6: For the region where OCB is not required, legacy S-SSB slot structure is reused directly.
Proposal 7: Temporary exemption of OCB requirement is not applicable for S-SSB transmission
Proposal 8: If OCB is required, to meet OCB and PSD requirement for S-SSB transmission, interlaced RB transmission for S-SSB is preferred.
Proposal 9: R16 SL synchronization procedure can be reused for SL-U.
Proposal 10: Additional S-SSB transmission occasions can be (pre)configured for each set of S-SSB resources within the synchronization period，FFS whether/how to support S-SSB transmission and other SL transmissions in the same slot.
Proposal 11: Legacy Rel 16 resource pool slot determination can be used for SL-U resource pool, except that:
• S-SSB slots are not excluded
• Reserved slot is not expected
Proposal 12: Sub-channel is supported in SL-U and :
• Contiguous RB based resource pool as legacy R16 SL pool is reused when OCB is not required.
• Interlace RB based resource pool is used when OCB is required.
Proposal 13: The interlace RB based resource pool in frequency domain can be (pre-)configured according to：
• Start position of subchannel
• Sub-channel size as K continuous SL-IRBs, where one SL-IRB is a IRB within a RB set.
• Number of sub-channels
Each SL-IRB contains 10 RBs, the number of RBs within a sub-channel is (pre-)configured to be a multiple of 10 RBs.
Proposal 15: Extra RB(s) outside of sub-channel can be additionally used when they are available, FFS details
Proposal 16: Legacy slot structure for PSCCH/PSSCH can be reused on interlace RB based resource pool..
Proposal 17: For PSFCH, at least further study the two alternatives:
• Alt1:IRB based PSFCH (like the interlaced transmission of PUCCH format 0 or PUCCH format 2 in NR-U)
• Alt2: Legacy one PRB PSFCH with common PRBs (with more than one PSFCH transmission occasions (pre-)configured mapping to a PSCCH/PSSCH)
Proposal 18: (Pre-)configured periodically PSFCH resources locations as legacy NR-V is reused for SL-U.
Proposal 19: Both R16 power control procedure and Max Mean EIRP density limit should be considered for SL-U UE
Proposal 20: R16 CSI measurement and feedback mechanism can be reused for SL-U
• FFS sub-band(e.g., per-RB set) CSI feedback for interlace RB based transmission
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